Introduction
Not all patients with organ-confined prostate cancer treated with radical prostatectomy experience long-term disease control. Increasing levels of prostate-specific antigen (PSA) following surgery due to biochemical relapse (BCR) typically precede the development of clinical recurrence. In the setting of BCR without detectable distant metastases, salvage radiotherapy to the prostate bed is an established therapeutic option (1) (2) (3) (4) (5) (6) , based on the assumption that all residual cancer cells are located there. Two different immediate results might be observed: success, as indicated by PSA decline (possibly followed by relapse during follow-up), or failure, as indicated by unaffected PSA progression. In the case of immediate failure (or a continuous increase in PSA), the hypothesis is proved incorrect: in these patients, the residual cancer cells are not located in the prostate bed. The imaging methods currently in use are unable to detect microscopic cancer deposits. Therefore, optimal patient selection needs to be based on other approaches. Pre-treatment identification of all patients who are likely to develop continuously rising PSA despite radiotherapy to the prostate bed would be desirable as these patients could be considered for other therapies. The purpose of this study was to analyze predictive factors for continuous PSA increase, and to describe the pattern of radiologically detected recurrences during follow-up. We perform a retrospective comparison of two patient groups with PSA decline or continuous increase following salvage radiotherapy to the prostate bed.
Patients and methods
This retrospective analysis included 83 males with prostate cancer treated with radical prostatectomy who had persistently elevated PSA or who developed BCR, i.e. PSA >0.2 ng/ml, after non-detectable PSA immediately after surgery. The patients were treated with 3-D conformal salvage radiotherapy at the University Hospital in Tromsø or the affiliated academic teaching hospital Nordland Hospital in Bodø, Norway. The patients were treated between 2006 and 2014. The study was performed as a retrospective analysis of salvage radiotherapy. As a quality of care analysis, no approval from the Regional Committee for Medical and Health Research Ethics (REK) was necessary. None of the patients had clinical or radiological evidence of macroscopic disease following isotope bone scan, computed tomography (CT) of the pelvis and abdomen, and magnetic resonance imaging of the pelvis. Positron-emission tomography (PET)-CT was not used. Patients with node-positive disease at the time of surgery or re-staging were not included. In addition to N0 stage, all patients were required to have had a maximum PSA of 2.0 ng/ml at the time of salvage radiotherapy and to be endocrine treatment-naïve. The patient characteristics are shown in Table I . The dose was prescribed according to the the ICRU 50 guidelines. The 95% isodose line encompassed the planning target volume (PTV) and the maximum dose did not exceed 107% of the prescribed dose. The dose per fraction was 2 Gy, and the total dose was 70 Gy. CT scans were used to define the clinical target volume (CTV) based on histological and surgical reports. The prostate bed was contoured and in case of seminal vesicle involvement the CTV was expanded to include this area. None of the patients received treatment to the pelvic lymph nodes. The margins added to the CTV to create the PTV were 1 cm in all directions. All patients were treated with 6-15 MV photons from a linear accelerator via 4 to 6 individually shaped treatment fields.
Biochemical relapse-free survival (BRFS) and further treatment. A biochemical recurrence following salvage radiotherapy was defined as a PSA value above 0.2 ng/ml. PSA was assessed every 3 months following radiotherapy. We defined continuous rise as at least two subsequent PSA increases from the pre-radiotherapy level. Re-staging following radiotherapy included the same imaging modalities as mentioned above; i.e. no PET-CT. The timing of imaging and additional treatment following BCR was at the discretion of the patient's urologist. No uniform criteria for any intervention were applied.
Statistical analysis. The Chi-square test and Fisher's exact test, where applicable, were employed for comparison of dichotomous variables, and the Mann-Whitney U test was employed for continuous variables. The Kaplan-Meier method was employed for estimates of BRFS and metastasis-free survival from the initiation of salvage radiotherapy. P<0.05 was considered to indicate a statistically significant difference. All tests were two-sided.
Results
Of the 83 patients, 21 developed continuously rising PSA. The others responded biochemically (51 completely, i.e. PSA <0.2 ng/ml, and 11 partially, i.e. a variable degree of PSA decline). There was a trend towards a shorter interval between surgery and radiotherapy in patients with continuous PSA increase (P=0.07 if the cut-off was set to <24 vs. ≥24 months). There was also a trend towards higher rates of R0 resection, i.e. no microscopically involved margins, in patients with continuous PSA increase (P=0.066). Thirty-six percent of patients with R0 resection developed continuously rising PSA, compared with 17% of patients with involved margins. Sixty-four percent of patients with Gleason score 9 developed continuously rising PSA. The Gleason score was the only statistically significant risk factor (P= 0.007). Of the five patients with Gleason score 9 and perineural invasion, four developed continuously rising PSA. Neither pre-nor post-surgical risk classification (low, intermediate or high) were significantly associated with the risk of continuous PSA increase. Neither the diagnosis of pT3b stage nor simultaneous presence of two high-risk features was a significant risk factor. Table II shows the outcome parameters in the groups with different PSA responses. Figure 1 shows actuarial BRFS in patients with optimal initial response, i.e. PSA nadir Figure 2 shows the actuarial time to radiological recurrence in patients with continuous PSA increase. A total of nine recurrences were detected (three in pelvic nodes only, three in pelvic and para-aortic nodes simultaneously, and three cases with bone metastases), and one patient succumbed 23 months after the diagnosis of bone metastases. Isolated pelvic nodal recurrence was uncommon. The median time to radiological recurrence was 43 months. The median follow-up time in patients without detectable macroscopic recurrence was 32 months. Eight of the nine patients with radiological recurrence had high-risk disease (all stage pT3, four with Gleason New biochemical relapse 21, immediately after RT 5, during follow-up ( Fig. 1) 8, during follow-up following salvage RT PSA, prostate-specific antigen; RT, radiotherapy. score 9). The remaining patient (isolated pelvic nodal relapse) had initial PSA 19 ng/ml, stage pT2c and Gleason score 3+4. Three patients were already on endocrine treatment when radiological relapse was detected, and the others started afterwards. Eight of the 12 patients without detectable macroscopic recurrence started endocrine treatment during follow-up.
Discussion
The purpose of this study was to analyze predictive factors for continuous PSA increase following salvage radiotherapy to the prostate bed, and to describe the pattern of radiologically detected recurrence during follow-up. We selected this endpoint as patients whose biochemical disease progression remains unaffected by radiotherapy to the prostate bed represent a group that does not benefit from such treatment and rather requires other approaches. Of course, there is also a certain risk of disease progression in patients with initial PSA response (7-10). However, previous studies suggest that the time interval between post-radiotherapy BCR and overt metastatic disease is often so long that life expectancy is not affected (11, 12) . Our patients with continuous PSA increase had a median age of 64 years and a median interval to radiological recurrence of 43 months. Together with the fact that most recurrences were located outside of the pelvis (M1 stage), these results indicate the life-threatening character of continuously rising PSA.
When interpreting the results, certain potential limitations of the study should be noted, e.g. that retrospective studies typically provide indications and hypotheses rather than definitive conclusions.
Unfortunately, risk factors for continuously rising PSA were difficult to identify. With only 21 events, the statistical power of this study was limited. For this reason, we refrained from multivariate analysis. Another weak point was the limited follow-up time following radiotherapy. The only statistically significant risk factor was high Gleason score, and there was also a trend for negative surgical margins. In exploratory analyses, the highest risk was observed in patients with a Gleason score of 9 and perineural invasion (80%). However, this finding should be interpreted with caution as it was derived from an extremely small subgroup of five patients. In a comparably small study (n=61 vs. 83 in the present analysis), different results were obtained (13) . In addition to negative surgical margins, PSA velocity ≥0.8 ng/ml/year was associated with higher risk of persistent PSA increase, indicating non-response to salvage radiotherapy. The Gleason score was not statistically significant. In our study, PSA velocity was unknown. If patients with delayed PSA relapse following salvage radiotherapy were to be included, as was typically the case in previous analyses, the interpretation of results becomes more complicated. Primary non-response is associated with an absence of cancer cells in the prostate bed. This could also be termed a ʻstaging errorʼ since current imaging is not able to detect microscopic cancer deposits. If PSA relapse develops later during follow-up, reasons including surviving cancer cells in the prostate bed need to be considered in addition to out-of-field relapse. Survival may result from geographical miss or a more general, insufficiently low radiation dose.
Possible ways forward for patients with a high risk of continuous PSA increase following prostate bed radiotherapy alone include more effective pre-radiotherapy staging, for example with PET-CT, which has been demonstrated to impact patient management in this setting (14) (15) (16) (17) . Immediate postoperative radiotherapy could also be helpful (18) (19) (20) , since it is able to kill residual cancer cells as early as possible, thereby preventing metastatic seeding from the prostate bed during the time interval that elapses between surgery and salvage radiotherapy. Salvage extended-field pelvic radiotherapy alone may not be sufficient, since most of our patients had radiological relapses outside of this region. The addition of systemic therapy appears to be necessary to address the issue of distant micrometastases, e.g. endocrine, cytotoxic or immune therapy (21) (22) (23) (24) (25) .
The majority of patients with biologically aggressive tumors with Gleason score 9 were not adequately treated with prostate bed radiotherapy alone. The predominant pattern of radiological recurrence was outside of the pelvis. Therefore, the problem of distant micrometastases has to be addressed.
